Introduction
As the leading cause of nosocomial enteric infections (diarrhea) in the US, Clostridium difficile infection is a potentially lethal condition that influences the daily care of medical and surgical patients across all specialties and across settings involved in the continuum of health care. Several recent outbreaks since the late 1990s have refocused attention on C difficile, highlighting that the incidence of infection is increasing because of the emergence of a new virulent strain, the development of antibiotic resistance, and an increase in infection rates within populations once believed to be at low risk. 1 In parallel, morbidity and mortality rates associated with C difficile infection have risen, 1,2 with an increasing number of complications, colectomies, and deaths being reported. [3] [4] [5] This growing epidemic has heightened our awareness of this infectious organism and its impact on patient care and routine medical practices. In light of these changes, this review article emphasizes the shifting nature of C difficile infections and outlines current strategies for the prevention, diagnosis, and treatment of C difficile infection.
Background and Pathophysiology
C difficile was first described in 1935 by researchers who were studying how bacterial flora are established in the gastrointestinal (GI) tract. 6 Hall and O'Toole found an anaerobic Gram-positive rod that was present but, interestingly, harmless in 30% to 50% of newborns. 6, 7 Although clindamycin-associated colitis was described in 1974, it was not until 1978 that the toxin of C difficile was found in patients with pseudomembranous colitis. 8 Now, approximately 300,000 cases of C difficile colitis occur annually in the US, and the associated health care costs are high.
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C difficile colonizes the GI tract after the normal gut flora are altered, typically after antibiotic use. C difficile can release two exotoxins (toxins A and B), both of which can cause tissue damage. Binding to intestinal epithelial cells can lead to cell necrosis and shedding (ulceration), fluid secretion (diarrhea), and inflammation (colitis). The overall risk of developing C difficile-associated diarrhea (CDAD) after antibiotic use is unknown. It is known that the use of all antibiotics can lead to CDAD, even vancomycin and metronidazole, the two primary antibiotics used for the treatment of CDAD. Interestingly, only one-third of colonized patients develop symptoms. It is unclear why two-thirds of colonized patients remain asymptomatic, though this may be due to the development of an appropriate immune response with the production of immunoglobulin G (IgG) antibodies directed against the toxins.
Clinical Presentation
The clinical presentation of CDAD is classically a watery diarrhea, but can also include voluminous and, less commonly (~5%), bloody diarrhea. Although most credits available for this article -see page 79.
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Clostridium difficile Infections: What Every Clinician Should Know patients have symptoms of lower abdominal pain, fever, and leukocytosis (sometimes with white blood cell counts of >30,000/μL), the spectrum of complaints includes mild diarrhea to abdominal distension, dehydration, metabolic acidosis, toxic megacolon with a notable absence of diarrhea, and sepsis with multisystem organ failure. Extraintestinal involvement, including cellulitis, necrotizing fasciitis, and reactive polyarticular arthritis, has been reported as well. Because of the notable difference in the severity of symptoms, physicians must have a high index of suspicion, especially for at-risk patients with diarrhea.
It is important to distinguish CDAD from antibiotic-associated diarrhea, which is an osmotic diarrhea unrelated to C difficile. Antibioticassociated diarrhea results from a reduced ability of intestinal flora to break down unabsorbed carbohydrate, which causes an osmotic load, leading to diarrhea. Stopping oral feeding will stop osmotic, antibioticassociated diarrhea but not CDAD.
Characteristics of a Hypervirulent Strain
Outbreaks of high-mortality CDAD have been reported in the US and Canada since the early 2000s.
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The causative agent is a new, more virulent strain of C difficile, designated alternatively as B1, NAP1, or ribotype 027 toxinotype III. This specific strain is highly resistant to fluoroquinolones, is associated with fluoroquinolone and cephalosporin use, 10 and expresses a binary toxin that is of unclear significance. 11 Most notably, this strain is characterized by the partial deletion of the tcdC gene, which normally functions to down-regulate the expression of toxins A and B. Deletion of the tcdC gene leads to the production of 16 to 23 times more toxin A and B. 11, 12 Although BI/NAP1/027 isolates existed previously, historic strains were less resistant to fluoroquinolones and were not associated with outbreaks of disease. The emergence of this strain now is likely related to its selective advantage in the presence of widespread increasing use of fluoroquinolones. A similar phenomenon was observed with the clindamycin-resistant "J strain," which caused outbreaks in the late 1980s and early 1990s. 13 
Populations at Risk
The most important risk factors for the development of nosocomial CDAD include prolonged hospitalization, age >65 years, antibiotic use (especially clindamycin, penicillins, cephalosporins, and fluoroquinolones), underlying medical conditions, neoplastic disease, GI surgery, use of nasogastric tubes, and GI disorders including inflammatory bowel disease. 14, 15 Proton-pump inhibitors have also been implicated because the loss of gastric acid that they cause, allowing for the survival of ingested bacteria. 16 Given the aforementioned risk factors, it is not surprising that historically C difficile has affected older, hospitalized patients and residents of facilities for long-term care. However, recent reports indicate there has been an increasing incidence of CDAD in populations previously believed to be at low risk. 4 Because reports of infection in healthy adults with minimal or no exposure to a health care facility have been emerging, C difficile should be considered a possible culprit in cases of communityacquired diarrhea as well. Infections have also been reported in pregnant women and in the peripartum period 17 and in an increasing number of children who have disrupted normal microflora, are of a young age, or who have underlying medical conditions, infections, or cancer. 18 
Prevention
Transmission occurs via the fecaloral route. Therefore, effective infection-control practices could largely control the transmission and development of C difficile infection. Transmission can be minimized with the use of gloves and gowns; proper hand washing with soap and water (alcohol-based washes do not prevent transmission); careful use and proper cleaning of shared patient equipment, such as blood-pressure cuffs, thermometers, and stethoscopes; and the use of bactericidal cleaning solutions. Restricted or judicious antibiotic use will also reduce the incidence of C difficile infections.
As already mentioned, up to twothirds of patients who are colonized with C difficile remain asymptomatic. However, these carriers remain an important reservoir for C difficile, highlighting the point that proper infection-control practices should be implemented for all patients. C difficile spores can persist on contaminated surfaces for several months. McFarland et al demonstrated hospital acquisition of C difficile in 21% of patients screened, 63% of whom were asymptomatic. 19 In one study that tested for the presence of spores in the hospital rooms of patients whose test results were negative for C difficile, analysis revealed a contamination rate of 8%. 20 Contamination of hospital environments and personnel, along with the ability of spores to persist for up to 20 weeks after seeding, 21 explains why C difficile infections remain a dangerous and persistent health issue.
Diagnosis
The definitive tool for diagnosis of C difficile infection has long been the cell cytotoxicity assay, with a sensitivity of 94% to 100% and a specificity of 99%. Although the specificity is high, this assay is expensive and time-consuming, with a test time of two to three days, making it impractical for routine use. Recently, the toxigenic culture and polymerase chain reaction have replaced the cell cytotoxicity culture assay as the preferred assessment tools. The toxigenic culture has increased sensitivity, 22 and polymerase chain reaction produces markedly faster results. 23 It is important to point out that false-positive and false-negative test results can occur. False-negative results have been reported to occur in 29% to 56% of cases, 24, 25 so if the level of clinical suspicion is high, treatment should be initiated despite negative results. A false-negative test result can be generated by failure to test a specimen promptly, failure to keep the stool sample on ice to prevent toxin degradation at room temperature, or failure to generate an adequate sample size. A toxin assay finding may remain positive for several months, so a repeat toxin assay is of limited value in assessing recurrent or persistent diarrhea after treatment.
Diagnosis can also be made by flexible sigmoidoscopy. This may be indicated if there is a high degree of suspicion regarding a patient whose test results for C difficile toxin were negative or in patients requiring a rapid diagnosis that would preclude a delay in laboratory testing. Endoscopy is generally contraindicated in patients with confirmed disease or in patients with fulminant colitis, as there is a risk of perforation with the procedure. Endoscopic features include the presence of pseudomembranes, which are yellow-white raised plaques with localized edema and hyperemia, surrounded by intervening areas of normal mucosa. Pseudomembranes are seen in roughly 50% of patients, but because they may be right-sided, evaluation by flexible sigmoidoscopy might miss the diagnosis. It is important to note that C difficile can infect the small bowel as well, so the absence of a colon does not exclude the diagnosis.
Treatment
After the diagnosis has been confirmed, basic treatment strategies involve stopping the inciting antibiotic, correcting any fluid and electrolyte imbalances, avoiding antiperistaltic agents, initiating contact precautions to limit spread, and treatment of patients with antibiotics if there is evidence of colitis (fever, elevated white blood cell (WBC) count, computed tomography scan findings [ Figure 1] ), if there is persistent diarrhea despite stopping antibiotics, or if the inciting antibiotic must be continued because of a coexisting infection.
Standard Treatment Regimens
Standard treatment regimens include the administration of metronidazole, 500 mg orally three times a day for 10 to 14 days; metronidazole, 250 mg orally four times a day for 10 to 14 days; and oral vancomycin, 125 mg four times a day for 10 to 14 days. Metronidazole (but not vancomycin) can also be given intravenously for patients with an ileus. Rectal vancomycin can be administered as a retention enema. Important considerations are that vancomycin use can lead to vancomycin-resistant Enterococcus and that vancomycin tablets are more expensive than metronidazole tablets: For inpatient hospital setting in the US, in 2010, a 500 mg metronidazole tablet costs 7 cents and a 250 mg tablet of vancomycin cost $29. However, C difficile has become more refractory to treatment with metronidazole, and there is a new, less-expensive liquid form of vancomycin available. Figure 1 . The most common finding on computed tomography scans is thickening of the colon wall, from 3 mm to 3 cm. The thickening is pan-colonic here, although it can also be focal. Contrast trapped within very thick haustra, producing alternating bands of high and low density, is called the accordion sign. Minimal pericolonic stranding and ascites are present.
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Treatment of Colonized, Asymptomatic Patients
Treatment of colonized, asymptomatic patients is not effective. 26 Asymptomatic fecal excretion is not affected by metronidazole, and though the toxin can be eliminated by vancomycin, most carriers have positive culture findings after therapy is discontinued.
Relapse
Relapse occurs in 10% to 25% of cases. Although it is suspected that noncompliance by patients and misdiagnosis contribute to recurrence, the true etiology of recurrence remains unknown. True relapse represents a persistence of spores, a failure to mount an immune response (IgG), or both. Once the diagnosis has been confirmed, treatment is reinitiated. A tapered or pulse vancomycin regimen should be considered and should last several weeks (125 mg four times a day for one week, then twice a day for one week, once a day for one week, every other day for one week, and finally, every three days for one week), on the basis of the concept that persistent spores convert to toxin producers and are killed when antibiotics are given repeatedly over time. 27 
Antibiotic Resistance
In 1983, a prospective randomized trial demonstrated no difference in treatment success between vancomycin and metronidazole. Current research data suggest that metronidazole has become less effective in treating CDAD, with higher rates of resistance (9%-25%) and recurrence (20%-40%) in recent years compared with historical controls. [28] [29] [30] Other studies have suggested that treatment success with metronidazole depends on patient age, with patients older than 65 years having the highest rates of recurrence and treatment failure compared with younger patients. 30 Current evidence supports the use of either vancomycin or metronidazole for treatment of mild C difficile colitis, whereas vancomycin has been found to be superior for the treatment of severe C difficile colitis. 31 In the study by Zar et al, 31 mild CDAD was successfully treated with metronidazole or vancomycin in 90% and 98% of cases, respectively. However, in patients with severe CDAD, treatment was successful with metronidazole or vancomycin in 76% and 97%, respectively. For high-risk patients (immunosuppressed, elderly, etc), vancomycin should be used an initial therapy, possibly in combination with metronidazole.
Alternative Therapies
In addition to the treatment strategies already discussed, there are alternative therapies for recurrent or severe CDAD. Anion-binding resins, such as colestipol (5 g every 12 hours) and cholestyramine (4 mg 3 or 4 times a day), work by binding to C difficile toxins, promoting their fecal excretion. These are generally given for 1 to 2 weeks with vancomycin. However, these resins must be given 2 to 3 hours apart from vancomycin because they bind not only the C difficile toxins but vancomycin as well.
Probiotics, including Saccharomyces boulardii, Lactobacillus rhamnosus, and L plantarum, have been suggested because of the theory that restoration of the normal bacterial flora will reduce C difficile infection. Unfortunately, study results analyzing the use of probiotics for CDAD have been generally inconclusive, with insufficient evidence to support their use. 32 With increasing antibiotic resistance, alternative antibiotics (eg, rifaximin, nitazoxanide, tinidazole) have been considered in addition to metronidazole and vancomycin. Various studies have reported high treatment success and low rates of remission. 33 One of the most frequently discussed but seldom used treatments for recurrent or refractory CDAD is fecal bacteriotherapy, also playfully termed a "fecal transplant." Like probiotics, this therapy is based on the concept that restoration of the normal bacterial flora will effectively treat CDAD. At least 17 studies have been reported of roughly 150 participants, with success rates reported in the range of 70% to 90%. Fecal bacteriotherapy can be administered in an enema form or via a nasogastric tube. One proposed regimen involves a mechanical bowel preparation (eg, use of GoLYTELY), followed by a fecal enema consisting of the donor feces (200-300 g) diluted in 250 mL of normal saline. The enema, which should be retained for 6 to 8 hours, should be given within 2 hours of preparation. The fecal enema is administered daily or twice daily for 5 to 14 days.
Lastly, use of intravenous immunoglobulin has also been reported in the treatment of severe, recurrent, or refractory CDAD and has been shown to be effective in various case series.
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Surgery
The need for colectomy in patients with C difficile colitis has increased in parallel with the increasing incidence of fulminant colitis and toxic megacolon. 36 Fulminant colitis typically manifests as severe lower quadrant pain or diffuse abdominal pain, diarrhea, abdominal distension, fever, hypovolemia, lactic acidosis, and marked leukocytosis (WBC count of ≥40,000/μL). 39 Surgery for C difficile colitis has been associated with a reported mortality of 35% to 80%. 36 Poor surgical outcomes have many causes but are related in part to an older, sicker patient population. The key decision regards the timing of surgery. When the need for surgery becomes obvious to all caregivers (eg, in the setting of perforation or multisystem organ failure), the decision has probably come too late, and surgical mortality in this setting will be high. However, the timing of an earlier intervention must weigh the potential advantages of reduced surgical mortality against the possibility that surgery might not have been necessary. This decision requires careful judgment and experience and is made easier by vigilant monitoring of the patient's clinical course, by frequent serial examinations, and by a high level of suspicion, as the patient's condition may rapidly deteriorate. At the time of surgery, the external appearance of the colon may be deceptively normal. Despite this, surgical treatment should be aggressive and include subtotal colectomy rather than hemicolectomy. 40 
Emerging Treatment Strategies
Despite generally effective treatment strategies, new, promising treatments are necessary in an era of new virulent C difficile strains, worsening antibiotic resistance, and an ever-aging US population that is at higher risk for infection. One such treatment is the drug tolevamer, a non-antimicrobial styrene derivative toxin-binding agent that does not have any antibiotic properties and does not affect the normal gut flora. The drug is currently in testing but has not yet been approved by the US Food and Drug Administration. Another alternative in trials is active immunization with a parenteral toxoid vaccine. 41 Use of this vaccine is based on the concept that the humoral immune response (ie, the production of antibody directed against toxins A and B) influences the clinical response to C difficile infection. Preliminary data demonstrate that the vaccine does in fact lead to the production of antitoxin A and B IgG. Its effectiveness for preventing CDAD is currently unknown. A recently studied drug that appears to be promising is a monoclonal antibody, which, when studied with vancomycin or metronidazole, was found to produce a decreased rate of C difficile recurrence. 42 
Conclusion
Despite historically effective diagnostic and therapeutic tools, and our potential ability to limit transmission with appropriate infection-control practices, C difficile infection remains a prevalent health concern. Recent outbreaks of C difficile due to the development of new virulent strains and antibiotic resistance, and the emergence of infections in previously low-risk populations, demonstrate the changing character of C difficile infections and highlight the need for more rapid and reliable diagnostic tools, better treatments, and the implementation of better prevention strategies and infectioncontrol practices. v
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